Plasma and lipoprotein cholesterol and triglyceride concentrations were measured in Pima Indians, a genetically homogeneous population with a high prevalence of obesity and diabetes and a low frequency of coronary heart disease. The data for nondiabetic Pima Indians were compared with those of U.S. Caucasians measured during the Lipid Research Clinics Prevalence Study. Plasma total and low-density lipoprotein (LDL) cholesterol levels in Pima men older than 30 years of age and in women over 25 were lower than those of U.S . Caucasians, and in men the total and LDL cholesterol levels did not increase with age. In Pima male subjects of all ages high-density lipoprotein (HDL) cholesterol levels were lower than that in Caucasian male subjects, and in Pima female subjects HDL cholesterol levels averaged 11 mg/dl lower than those in female Caucasian subjects. On the other hand, plasma triglyceride levels in Pima male subjects up to 35 years of age and in female subjects up to 55 years old were higher than those of Caucasians. Comparison of plasma cholesterol and triglyceride levels in Pima male and female subjects showed the same relationships as those in Caucasians (i.e., higher in male subjects until the older age groups), but Pima male and female subjects had similar HDL cholesterol levels. There was a strong negative correlation between obesity and HDL cholesterol levels in Pimas. Obesity appeared to account for the lower HDL cholesterol levels in Pima male subjects compared with that in Caucasian male subjects, but obesity could not explain the lack of differences between the sexes in HDL levels in the Pimas. Triglyceride levels correlated positively with obesity in the Pimas, but the relationship was not as strong as that reported for Caucasians. The results indicate that there are differences in lipoprotein distributions between Pimas and U.S. Caucasians; the relationship between lipoprotein levels and the incidence of coronary disease in the Pimas must be determined. Circulation 68, No. 4, 714724, 1983. EPIDEMIOLOGIC STUDIES have established an association of total and low-density lipoprotein (LDL) cholesterol levels with an increased risk of arteriosclerotic heart disease,' 3 a possible association between total and very low-density lipoprotein (VLDL) triglyceride levels and coronary heart disease,-and a strong negative relationship between high-density lipoprotein (HDL) cholesterol levels and coronary heart disease.7-9 To understand these associations it is necessary to determine the extent to which plasma lipoprotein levels are influenced by diet and other environmental factors and the extent to which they are genetically controlled. One approach to understanding factors that control plasma lipoprotein levels is to compare different racial From the Phoenix Clinical Research Section and Southwestern Field
groups. The largest epidemiologic study of plasma lipoprotein levels has been the Lipid Research Clinics (LRC) Prevalence Study,'0 which has measured plasma cholesterol concentrations and triglyceride and lipoprotein cholesterol concentrations in a large number of U.S. residents. Comparison of distributions of plasma triglyceride and plasma and lipoprotein cholesterol levels between blacks and Caucasians who were examined during the LRC survey suggests that there are differences between U.S. blacks and Caucasians both in plasma triglyceride levels and in HDL cholesterol concentrations. I I There are a few other studies that compare plasma lipid or lipoprotein levels, which were measured with similar methods in different racial groups. These include a comparison of an African black and European Caucasian community'2 and a study of New Zealand Maoris and other New Zealand residents.'3 Both of these comparative studies report racial differences in plasma lipid and lipoprotein distributions. In addition, CIRCULATION Rhoads et al. 14 This report presents data on plasma lipoprotein cholesterol and triglyceride levels in the Pima Indians. This genetically homogeneous, 16 well-characterized population'7 has a low frequency of coronary heart disease,'8 and previous studies have suggested that total plasma cholesterol concentrations are low in this group. '9 We have used methods that were carefully standardized to be comparable to those used by the LRC so that direct comparison could be made with the Caucasian populations in the LRC group. The high prevalence of obesity20 in the Pima population has allowed examination of the relationships between obesity and plasma lipoprotein cholesterol and triglyceride concentrations over a wide range of obesity.
Methods
Study subjects. The study subjects were Pima Indians participating in a longitudinal population study in the Gila River Indian Community of Arizona. Samples were collected for lipoprotein quantification from April 1979 through May 1982 from all fasting subjects who were at least 15 years of age and of at least half Pima ancestry. The Pima study population over 15 years of age at that time consisted of approximately 1500 male and 1550 female subjects. Fasting blood samples were obtained from 506 male (approximately 34%) and 885 female subjects (approximately 57%). Women who were pregnant or taking oral contraceptives were analyzed sep'arately.
Samples for lipoprotein determinations were obtained at a routine biennial examination for the longitudinal study of diabetes. This examination included measurements of height, weight, triceps skin-fold thickness, and chest and arm girths. A detailed medical history, an electrocardiogram, and data on smoking (if past or currently; if currently, then less than or more than one pack per day) and on alcohol and coffee consumption (numbers of drinks per day) were obtained. Percentage of desirable weight was computed with National Research Council Ta-bles2'; additional criteria for obesity were weight (kg)/height (m) (wt/ht), the body mass index (BMI) in kg/i2, and weight (kg)/height (i3) (wt/ht3).
The Pimas have a high prevalence of diabetes mellitus,'7 a factor known to influence plasma lipoprotein levels. For the purpose of comparison with the LRC Prevalence Study, diabetics (179 male and 324 female subjects) were excluded from this analysis. All subjects had an oral glucose tolerance test. Diabetes was diagnosed if the 2 hr afterload (75 g carbohydrate) plasma glucose level was at least 200 mg/dl22 at any survey examination, or if the Indian Health Service Hospitalserving the community found a fasting, postprandial, or 2 hr afterload glucose concentration of at least 200 mg/dl. It should be noted that the nondiabetic group included individuals with impaired glucose tolerance as indicated by a 2 hr afterload glucose concentration of at least 140 mg/dl but less than 200 mg/dl (57 male and 125 female subjects). Exclusion of these individuals had no influence on the conclusions of this study.
In interpreting the data acquired from the Pimas, it is important to emphasize that the conclusions may not be representative of the total population, since not all members were sampled and since diabetics were excluded. However, it has been previously established that the selection methods for the longitudinal population study did not lead to errors in the estimation of diabetes incidence. 23 The influence of diabetes and impaired glucose tolerance on plasma lipids and lipoproteins in this population will be examined in a separate report. Lipid and lipoprotein measurements. Venous blood samples were collected in EDTA after an overnight fast. Plasma was separated after centrifugation at approximately 700 g for 15 min at 100 C. None of the samples contained evidence of chylomicra after an overnight incubation at 40 C. Plasma was sampled for measurement of total cholesterol and triglyceride concentrations. Lipoproteins were then isolated with procedures described by Havel et al. 24 and modified by Marsh.25 Five milliliters of plasma was overlaid with 2 ml of 0. 16M NaCl, 1 mM EDTA (EDTA-saline), d = 1.006 g/ml, and VLDL were isolated by ultracentrifugation for 16 hr at 40,000 rpm in a Beckman ultracentrifuge with a type 40 rotor. It has been shown that VLDL preparations isolated by migration through overlaid saline contain less than 10% albumin and other proteins. 26 After VLDL were removed, the plasma was adjusted to d = 1.063 g/ ml with NaBr (d = 1.35 g/ml), and LDL were isolated by centrifugation for 20 hr at 40,000 rpm in a type 40.3 rotor. The HDL fraction was the infranatant after removal of the LDL by tube slicing. Efficiency of ultracentrifugal lipoprotein isolation was monitored by electrophoresis on agarose gels according to the method of Noble.27 Recovery of cholesterol in the lipoprotein fractions isolated by ultracentrifugation averaged 94%.
HDL subfractions were isolated from HDL in a portion of the samples according to the method of Anderson et al. 28 Samples for HDL' subfractions were not selected by clinical status but were determined largely by laboratory workload. Four milliliters of the HDL fraction was adjusted to d = 1. 105 g/ml and overlaid with 2 ml of EDTA-saline (d = 1.100 g/ml), and HDL2b were isolated after centrifugation for 26 hr at 50,000 rpm in a 50-Ti rotor. After 1.5 ml of the supernatant that contained HDL,h was removed, the infranatant was adjusted to d = 1.130 g/ml and overlaid with EDTA-saline (d = 1.125 g/ml), and HDL2a were isolated by centrifugation for 48 hr at 50,000 rpm. The infranatant after removal of HDL2a (1.5 ml) was assumed to be'HDL3. Recovery of cholesterol in the HDL subfractions averaged 96%.
Triglyceride and cholesterol concentrations in plasma and isolated lipoproteins were quantified on an' AutoAnalyzer II (Technicon) with the cholesterol extract method of Rush et al. 29 and the triglyceride enzymatic method of Bucolo and Davis.30 For quantification of cholesterol levels in HDL subfractions the sensitivity of the assay was increased by'diluting the sample 1:10 rather than 1:20 in isopropanol. For this procedure the cholesterol standard was prepared in 90% rather than 95% isopropanol. The triglyceride and cholesterol assays and HDL isolation procedure were standardized with control plasma calibration pools supplied by the Lipid Standardization Laboratory, Centers for Disease Control, Atlanta. The use of these controls resulted in stabilization of the population measurements over time and enabled direct comparison of the Pima data with the published LRC norms. The coefficient of variation for the measurement of serum poo1s provided by the Centers for Disease Control was 2.8% for high cholesterol concentrations, 3.6% for low cholesterol concentrations, and 4.8% for triglyceride concentrations. Since our methods for lipoprotein isolation differed from those of the LRC in that LDL in our study were isolated by sequential ultracentrifugation, a series of 24 samples was quantified by both procedures. LDL cholesterol concentrations determined by ultracentrifugation according to the methods described above were comparable to those computed by the Vol. 68, No. 4, October 1983 715 difference between LDL plus HDL and HDL precipitated by heparin manganese (127 + 5.3 vs 127 ± 5.5 mg/dl; r = .93). As an additional control to compare our methods with those of the LRC, HDL isolated by ultracentrifugation were compared periodically with that isolated by precipitation with heparin and manganese, as performed by the LRC.31 The two methods were comparable (47.1 ± 1.7 vs 48.3 + 2.2 mg/dl, r = .96).
Data analysis. Statistical analyses were performed with the Statistical Analysis System, Cary, NC. Significance of differences between means was assessed by Student's t test. Relationships between two variables were assessed with Pearson correlation coefficients; for more than two variables partial correlation analysis was used.
Results
Total and LDL cholesterol. Weight and weight-height parameters of the Pima study subjects by age and sex are shown in table 1. Numbers of subjects of each sex and age were proportional to the nondiabetic population census (data not shown). There is a high prevalence of obesity in this population,20 and thus there was a wide range of weight in each age group. Means and SEM for plasma and lipoprotein cholesterol and triglyceride concentrations for male and female subjects by age group are shown in table 2.
Plasma cholesterol levels in Pimas are compared with those for Caucasians in the LRC study in figure 1 (diabetics have not been excluded from the LRC population data, but less than 1% of that population was judged to be diabetic either by fasting glucose levels or medical history*). Plasma cholesterol levels in the Pima men (figure 1) were significantly lower than those of Caucasians for all ages above 30. In Pima male subjects, total cholesterol levels were lower in subjects 15 to 19 years old, but after age 20, in contrast to the pattern in Caucasians, there was little change in total plasma cholesterol levels with age. Total plasma cholesterol levels in Pima female subjects increased with age throughout the age ranges studied. No Pima male subject and only one Pima female subject had a plasma cholesterol concentration greater than 300 mg/ dl. When compared with Caucasian female subjects (figure 1), all Pima female subjects except those 20 to 24 years old had significantly lower mean plasma cholesterol levels.
LDL cholesterol values for both male and female Pimas followed patterns with age similar to those for total cholesterol levels (table 2) and were significantly lower than those of Caucasians in both men and women over 35 years old (data not shown). LDL cholesterol levels for two age groups are shown in figure 2 , which compares the cumulative frequency distribution of LDL cholesterol levels in Pima male and female sub-*Segal P: Personal communication. 716 BBody mass index measured as weight (kg)/height (m2). CTop number is the mean with the range in parentheses. jects with those of Caucasians in the LRC study. Differences between Pimas and Caucasians are greater above the 50th percentile of LDL cholesterol levels.
HDL cholesterol. HDL cholesterol concentrations in Pima male and female subjects also differed from those of Caucasians in the LRC study (figure 3). Male Pimas had lower HDL cholesterol levels than Caucasians, a difference that was significant at ages 25 to 29 and 35 to 44 years. Differences between HDL cholesterol levels in Pimas and Caucasians were much greater in female subjects (figure 3 right); mean HDL cholesterol levels in Pima female subjects of all ages were significantly and substantially lower than those of the Caucasians (mean difference = 11 mg/dl).
When plasma total and HDL cholesterol levels of CIRCULATION PATHOPHYSIOLOGY AND NATURAL HISTORY-CORONARY ARTERY DISEASE male and female subjects at any of the three decades examined, indicating that Pima male and female subjects were similar in distribution of HDL subfractions as well as in the total amount of HDL.
Triglyceride. Plasma triglyceride levels in Pimas are compared with means for Caucasians in the LRC study in figure 5 . In Pima male subjects triglyceride levels were significantly higher than those in Caucasian male subjects in the lower age groups, but they were similar to those for Caucasians after age 35. Plasma triglyceride levels of Pima female subjects were significantly higher than the means for Caucasians in the LRC study Males for all age groups except for those over 55 years. Plasma triglyceride levels in both Pima male and female subjects increased with age up to 30. After age 30 triglyceride levels had little relationship with age in women; in men over age 55 triglyceride levels were lower with increasing age. No female subjects and only two Pima male subjects had plasma triglyceride concentrations over 400 mg/dl, and only eight male and five female subjects had concentrations above 300 mg/dl. When plasma triglyceride levels of Pima male and female subjects were compared ( figure 4, C) , women had significantly lower triglyceride levels than men between the ages of 20 and 45 years. VLDL triglyceride levels in Pimas followed a relationship with age and sex similar to that described for total triglyceride levels (table 2) .
Interrelationships among lipoprotein classes were assessed by computing simple correlation coefficients. Total triglyceride levels were strongly correlated with VLDL triglyceride levels (r = .95, p < .0001). Total cholesterol levels were strongly correlated with LDL cholesterol levels (r -.92, p < .0001); HDL cholesterol levels were also related to total cholesterol levels (r = .24, p < .0001), and negatively correlated with plasma triglyceride levels (r -19, p < .0001). The relationship between HDL levels and total cholesterol levels was significant even when corrected for triglyceride levels, age, and BMI (partial r .32, p < .0001).
Obesity. Since there is a high prevalence of obesity in the Pimas,20 the relationships between obesity and the various lipoprotein classes were examined. Simple correlation coefficients between indices of obesity and .0001 for male subjects and r = -.33, p < .0001 for female subjects). Plasma and VLDL triglyceride levels in both sexes were positively correlated with obesity, although the relationship between triglyceride levels and obesity was not as strong as that between HDL levels and obesity. The positive relationship between VLDL triglyceride levels and BMI was significant in male but not in female subjects after simultaneous adjustment for age, smoking, and alcohol consumption (partial r = .19, p < .0007 for male subjects and r = .06, NS for female subjects). Evidence that the various anthropometric measurements are reflective of adiposity in the Pimas was obtained from studies of the relationships among various indices of obesity in a sample of 33 male and female nondiabetic Pima subjects admitted to a metabolic ward. BMI, wt/ht3, and triceps skin-fold thickness were all closely related to percent adiposity as determined by deuterium oxide dilution (r = .67, .56, and .73, respectively). Wt/ht and the sum of arm and chest girths were less related to adiposity (r = .59 and r = .38, respectively). In most cases the lipid parameters in table 5 followed the same pattern. The exception was the lower correlations observed with triceps skin-fold thicknesses, especially in men; this was probably because the skin-fold measurements were made by multiple examiners. To assess whether obesity accounted for the differences in HDL levels between Pimas and Caucasians in the LRC survey, a regression line was computed for the relationship between HDL cholesterol levels and BMI in Pimas. A decrease of approximately 0.4 mg/dl was observed for each increment in BMI of 1.0 kg/m2 (y = -.42x + 56.83 in male subjects; y = -.44x + 58.5 in female subjects). A change of similar magnitude (i.e., approximately 0.5 mg/dl per unit increment in BMIreported in ref. 32 as 0.1 [kg/cm2 x 1000] increment in Quetelet Index) was observed in the Caucasians in the LRC study.32 When the values for HDL cholesterol levels in Pimas and Caucasians in the LRC study are compared ( figure 3 ), it appears that if the values for HDL cholesterol levels in Pimas were adjusted to median BMI values for the Caucasians in the LRC group or vice versa, there would be minimal differences between Pima and Caucasian male subjects; on the other hand, values for Pima female subjects would still be much lower than those for Caucasians. Thus, obesity may account for most of the decreased HDL levels in Pima male subjects but not in Pima female subjects. Similarly, obesity would not appear to account for the lack of differences between the sexes in plasma HDL cholesterol levels in Pimas (see figure 4 and table 1). Sex hormone use and pregnancy. Since sex hormone use has been previously shown to influence plasma lipoprotein distributions,'0 plasma lipoproteins in Pima female subjects currently taking oral contraceptives were compared with those of nonpregnant female subjects of similar ages who were not taking contraceptives (table 6). BMIs were not significantly different in these two groups. Pima female subjects taking oral contraceptives had higher HDL cholesterol levels. In subjects 15 to 24 years old the group on oral contraceptives also had higher triglyceride levels and somewhat, but not significantly, higher total cholesterol levels. The influence of pregnancy in plasma lipid levels in this group was also examined (table 6) . Pregnant Pima female subjects had higher total and HDL cholesterol levels and higher total and VLDL triglyceride levels than nonpregnant female subjects of comparable ages.
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Discussion
Total and LDL cholesterol. The Pima population has afforded an opportunity for the examination of plasma lipoprotein cholesterol and triglyceride levels in a well-characterized homogeneous racial group. The results indicate that there are distinct characteristics of their lipoprotein distributions. Despite the high prevalence of obesity among the Pimas,20 plasma total and LDL cholesterol concentrations in men over 30 years old and in women over 25 years old were lower than those of Caucasians in the LRC study. This lower plasma cholesterol level had been suggested previously when serum cholesterol levels in the Pimas were compared with those of the population of Tecumseh, MI.L8 The present study compares the Pima total and lipoprotein cholesterol concentrations with those of Caucasians in the LRC study by use of similarly standardized methods for measurement, and it also establishes that the lower total cholesterol level is mainly the result of lower levels of plasma LDL. The lower cholesterol levels in adult Pima men compared with those in adult Caucasian men appear to be related to the observation that there is little change with age after age 20 in Pimas, whereas in Caucasian male subjects cho- Age (years) lesterol levels are positively associated with age. In contrast, in female subjects cholesterol levels increase with age in both racial groups, but in each age group the levels are lower in the Pimas. HDL cholesterol. Another difference of lipoproteins in the Pimas compared with those of Caucasians in the LRC study is that male and female subjects had similar concentrations of HDL cholesterol. In male Pimas, HDL cholesterol levels were slightly lower than those of Caucasians; in female Pimas, HDL cholesterol levels averaged more than 11 mg/dl lower than the LRC means for female Caucasians. Although HDL cholesterol levels were negatively associated with obesity in both male and female Pimas, the lack of differences between the sexes in HDL cholesterol levels did not appear to be attributable to obesity (see below). Distributions of HDL subfractions were also similar in male and female Pimas, with no increase in HDL2 levels in female subjects of the magnitude reported in other studies. 33 34 There have been other reports of HDL cholesterol levels in different populations, which suggest that differences between the sexes in HDL cholesterol levels may be most prominent in Caucasians. Data from the studies of blacks in the LRC populations11 and in Africa'2 indicate that HDL cholesterol concentrations in black male subjects are higher than in Caucasian male subjects and similar to those of black female subjects. Obesity. The Pimas, because of the high prevalence of obesity, afforded us an unusual opportunity to assess the relationships among obesity and plasma lipoproteins. There was a strong negative correlation between obesity and HDL cholesterol levels, with decreases of approximately 0.4 mg/dl of HDL cholesterol with each kg/m2 increment of BMI. This inverse relationship between HDL levels and obesity has been observed previously,32 37 38 although this is the first report in a population with such a high prevalence and wide range of obesity. Triglyceride levels were positively correlated with obesity in the Pimas, but not as strongly as reported previously in other groups;37-39 increases in triglyceride levels with obesity in the Pimas were small (I to 2 mg/dl per kg/m2 increase in BMI), and there was little evidence of the hypertriglyceridemia often associated with obesity in other populations. Total and LDL cho-721 lesterol levels had little relationship with obesity in the Pimas, in contrast to those in other studies.37 39 The data on the Pima may help to distinguish among mechanisms of changes in lipoproteins induced by obesity. It has been suggested that obesity initially leads to increased levels of VLDL; this in turn leads to increased levels of LDL, the catabolic product of VLDL, and to lower levels of HDL because of the inverse relationship of HDL with VLDL, which was found in the Pimas and in other populations. In the Pimas, however, VLDL triglyceride levels were only slightly increased with increasing obesity, and LDL cholesterol levels were not related to obesity. Previous studies of VLDL metabolism in the Pimas confirm a lack of significant overproduction of VLDL triglycerides with increasing weight.40 Thus, the data from the 722 Pima suggest that lower HDL concentrations in obesity may be independent of increases in VLDL concentrations or metabolism; this is supported by the significant relationship determined by partial correlation analysis that included VLDL triglyceride levels.
Diet. It is difficult to determine whether differences in lipoprotein patterns observed in the Pimas as compared with those of Caucasians in the LRC study may be accounted for by environmental factors such as diet. The high triglyceride levels in the younger Pima groups and the somewhat lower HDL cholesterol levels in Pima male subjects may be related to increased caloric intake or reduced physical activity. The lower total and LDL cholesterol levels, however, do not appear to be related to dietary factors. A study of eating habits in women of this population 12 years ago indi-CIRCULATION PATHOPHYSIOLOGY AND NATURAL HISTORY-CORONARY ARTERY DISEASE cated that caloric distribution, daily cholesterol intake, and amount of polyunsaturated fat consumption were similar to those of the general U.S. population." More recent inquiries of diet habits of the Pima population confirm the earlier findings of consumption of large amounts of saturated fat.* Racial differences. Although some aspects of plasma lipoprotein distributions in the Pimas may be attributable to obesity or diet, others do not appear to be related to identifiable environmental factors. Although diet habits in the Pimas are not strongly different from other U.S. groups, there are many other social, environmental, and lifestyle factors that were not measured in this study, which may account for the observed lipoprotein distributions. Alternatively, there may be genetic factors that control lipoprotein cholesterol and triglyceride levels. Further comparisons of lipoprotein levels in various racial groups coupled with studies of families within these groups will be necessary to understand how genetic and environmental factors interact to influence plasma lipoprotein levels. Sex hormones and pregnancy. Although the number of Pima women using oral contraceptives was small, the data from the Pima corresponded to those acquired from other populations on the influence of sex hormone use on plasma lipoprotein levels. '0 Pima female subjects taking oral contraceptives had higher HDL cholesterol levels; higher mean values for total cholesterol and triglyceride levels were also observed. The influence of pregnancy was also similar to that reported previously,42' 3 with large increases in total and HDL cholesterol levels and triglyceride levels.
Cardiovascular disease. The occurrence of cardiovascular disease in relationship to lipoprotein levels is an interesting question for future study in this population. Myocardial infarctions are infrequent in Southwestern Indians' and data from the Pimas indicate that the prevalence of ECG abnormalities (as defined by the Tecumseh criteria) is approximately half of that for Caucasians in Tecumseh. 18 The relatively low total and LDL cholesterol levels in the Pimas are consistent with the lower prevalence of cardiovascular disease; on the other hand, HDL cholesterol levels in Pimas are low The observed lack of differences between the sexes in HDL cholesterol levels in Pimas and other groups also suggest that increased HDL levels may not be a major explanation for the lower prevalence of cardiovascular disease in female subjects, since the prevalence of cardiovascular disease is lower in female Pima subjects compared with that of male Pima subjects,'8 as well as in other groups. An analysis of cardiovascular disease risk factors and a prospective study of the relationship between plasma lipoprotein levels and cardiovascular disease are planned in this population.
